Introduction {#S0001}
============

Antibiotics that treat bacterial infection either kill the bacteria or prevent its multiplication.[@CIT0001] They are among the most important medicines ever discovered.[@CIT0002],[@CIT0003] They are used for combating bacterial infections thus reducing morbidity and mortality and have made the management of infectious disease easier.[@CIT0004],[@CIT0005] The lives of many have been saved because of their discovery in the early 1930.[@CIT0002]

When a previously sensitive microorganism (some or all sub-populations of a microorganism) becomes resistant to an antimicrobial agent, antimicrobial resistance (AMR) happens.[@CIT0002],[@CIT0006] It develops because of a defense mechanism developed by the pathogen, such as gene alteration or acquiring resistant gene.[@CIT0007] Resistant microorganisms can withstand attack by antimicrobial, resulting in treatment failure and spread of the infection.[@CIT0008]

Infections due to resistant microorganisms are a real threat since they cause prolonged illness, increased communicability, mortality, and financial burdens.[@CIT0004],[@CIT0009],[@CIT0010] It leads to longer and more expensive hospital stays, the use of second and third choice drugs, increasing treatment costs, and ultimately may lead to death.[@CIT0006] This global health problem[@CIT0011] also has a social, economic, and political impact.[@CIT0012] With a declining choice of antibiotics and with aggravation of AMR, we may enter into a "post-antibiotic" era.[@CIT0013],[@CIT0014] With this pace, by 2050 the problem of AMR might lead to the majority of death in the world, with a cost estimate of 100 trillion dollars.[@CIT0015]

Factors that lead to the progression of AMR include inappropriate selection or misuse of antimicrobials, environmental contamination, inappropriate dosage regimen, self-medication, poor infection prevention, and poor drug quality.[@CIT0014],[@CIT0016] Some factors that are responsible for inappropriate use of antimicrobials include lack of expertise by health care professionals', problems in diagnosis, and lack of knowledge by patients.[@CIT0004],[@CIT0017] In regards to health care professionals, factors that contribute to AMR development include lack of adequate or recent information regarding the usage of antimicrobials, lack of resources in the identification of a pathogen, and its susceptibility to antimicrobials, absence of guidelines in selecting the antimicrobials and poor antimicrobial stewardship.[@CIT0018] One way of combating resistance is to educate members of the public and health care professionals about AMR and assess their knowledge and practice regarding AMR.[@CIT0019] This involves changing the antimicrobial prescribing behavior and the use of antimicrobials by health professionals.[@CIT0020] Thus, assessing health care professionals' knowledge and belief can be used as a baseline for a possible containment of AMR and also for framing antibiotic policy.[@CIT0017],[@CIT0021]

Methodology {#S0002}
===========

Study Design, Period and Setting {#S0002-S2001}
--------------------------------

A cross-sectional study was carried out in Hiwot Fana Specialized University Hospital (HFSUH), Harar, Ethiopia, which is located 526 km east from Addis Ababa. Eligible physicians, pharmacists, and nurses were selected among the total physicians, pharmacists, and nurses working in HFSUH. The data were collected from March 1--30, 2017.

Source Population {#S0002-S2002}
-----------------

The primary source populations for this study were all pharmacists, physicians, and nurses that were working in Harar town, Ethiopia.

Study Population {#S0002-S2003}
----------------

The sample populations for this study were those pharmacists, physicians, and nurses that were rendering service in HFSUH during the time of data collection.

Sample Size Determination {#S0002-S2004}
-------------------------

A single population proportion formula was used to calculate the sample size of 384. Then, a reduction formula was used since the number of those health care professionals working in HFSUH was 235 to obtain a reduced sample size of 146. Then, the final sample size of 153 was obtained after adding a 5% contingency.

Sampling Technique {#S0002-S2005}
------------------

Stratified sampling with proportional allocation was used to collect data from 42 physicians, 99 nurses' and 12 pharmacists in this study, whose numbers were determined by proportionally allocating the professionals based on the final sample size and the number of physicians, nurses and pharmacists working in HFSUH.

Data Collection and Analysis {#S0002-S2006}
----------------------------

A self-administered questionnaire was used to collect information on the knowledge and belief of health care professionals, towards AMR. The questionnaire was developed by the first investigator by viewing other researches and was later modified. Before the actual study, the questionnaire was pretested on 5 health professionals. The collected data were checked for its completeness, accuracy, and clarity after the collection. Statistical Package for Social Sciences (SPSS) was used for the analysis of the collected data. A P-value of \< 0.05 was considered statistically significant.

Result {#S0003}
======

Participants' Profiles and Sources of Information on AMR {#S0003-S2001}
--------------------------------------------------------

Only 132 participants were willing to participate in the study from the 153 health care providers; of whom, 35 (26.5%) were physicians, 86 (65.2%) were nurses, and 11 (8.3%) were pharmacists. The overall response rate of participants was 86.3%. The majority of the participants were male, 95 (72%), and were in the age group of 22--27, 97 (73.5%). Having recent information about AMR was mentioned by 74.3% of physicians, 47.7% of nurses, and 90.9% of pharmacists. Overall, 91.4% of physicians, 47.7% of nurses, and 36.4% pharmacists got information from relevant books. Other sources of information include the internet (for 16.3% of nurses and 27.3% of the pharmacists), and college or university courses and training (for 5.7% of the physician, 31.4% of the nurses, and 18.2% of the pharmacist). Regarding training, 74.3% of the physicians, 84.4% of the nurses, and 72.7% of the pharmacist responded that they did not attend training regarding AMR ([Table 1](#T0001){ref-type="table"}).Table 1Profiles of Health Care Professionals' Working in HFSUHVariablesPhysician (n=35)\
N (%)Nurses (n=86)\
N (%)Pharmacy (n= 11)\
N (%)GenderMale30(85.7)55(64)10(90.9)Female5(14.3)31(36)1(9.1)Age20--2929(82.8)64(74.4)9(81.8)30--395(14.3)18(20.9)2(18.2)40--493(3.5)50--591(2.9)1(1.2)Marital statusSingle27(77.1)59(68.6)7(63.6)Married7(20)26(30.2)4(36.4)Divorced1(2.9)1(1.2)0Attended AMR trainingYes9(25.7)16(18.6)3(27.3)No26(74.3)70(81.4)8(72.7)Exposed to use AST resultYes13(37.1)23(26.7)4(36.4)No22(62.9)63(73.3)7(63.4)Source of information about AMRBook32(91.4)41(47.7)4(36.4)Internet014(16.3)3(27.3)Journals03(3.5)0University training2(5.7)27(31.4)2(18.2)Other1(2.9)1(1.2)2(18.2)Have up to date information on AMRYes26(74.3)41(47.7)10(90.9)No9(25.7)45(52.3)1(9.1)[^1]

Knowledge About the Cause of AMR and Antibiotic-Resistant Bacteria {#S0003-S2002}
------------------------------------------------------------------

The factors that were considered by the health care providers for AMR occurrence were widespread or overuse of antibiotics (97.1% physician, 77.9% nurses and 100% pharmacist, p = 0.010), usage of broad-spectrum antibiotics (80% physician, 55.8% nurses and 81.8 pharmacists, p=0.019), poor hand washing (80% physicians, 81.4% nurses and 36.4% pharmacists, p=0.003). Hundred percent of the physicians and the pharmacists and 81.4% of the nurses considered bacterial mutations as the cause of AMR (p=0.008). Patients' poor adherence to prescribed antibiotics was considered as a factor by 97% physician, 93% nurses, and 100% pharmacist. Hundred percent of physicians, 88.4% nurses, and 90.9% pharmacists consider poor infection control in hospitals as a factor for the spread of AMR. 100% of the physicians, 86% of nurses, and 90.9% of pharmacists say that substandard qualities of antibiotics promote AMR. Overall, more than 90% of the practitioners consider poor infection control in the hospital, sub-standard qualities of antibiotic and patients' poor adherence as factors which promote AMR ([Table 2](#T0002){ref-type="table"}).Table 2Health Care Professionals' Knowledge About the Causes of Antibiotic Resistance and Antibiotic-Resistant Bacteria in HFSUHVariablesPhysicians (n = 35)\
Yes (%)Nurses (n= 86)\
Yes (%)Pharmacist (n =11)\
Yes (%)P-valueCause of AMRWidespread or over use of antibiotics promotes AMR34(97.1)67(77.9)11(100)0.010Usage of broad- spectrum antibiotics promote AMR28(80)48(55.8)9(81.8)0.019Bacterial mutations causes AMR35(100)70(81.4)11(100)0.008Poor hand washing practice in hospitals spread AMR28(80)70(81.4)4(36.4)0.003Poor infection control in hospital spread AMR35(100)76(88.4)10(90.9)0.110Patient poor adherence promote AMR34(97.1)80(93)11(100)0.469Sub standard quality of antibiotic promote AMR35(100)74(86)10(90.9)0.065Examples of antibiotic-resistant bacteria in hospitalsMRSA26(74.3)51(59.3)7(63.6)0.306MDR-TB8(22.9)32(37.2)4(36.4)0.308P. aeruginosa1(2.9)1(1.2)0Other02(2.3)0Local factors for the development of AMRSelf-prescription by patients28(80)48(55.8)8(72.7)0.110Prescribers' poor awareness on AMR4(11.4)25((29.1)2(18.2)0.106Lack of local antibiogram data3(8.6)13(15.1)1(9.1)[^2]

From the different pathogens that are associated with drug resistance, methicillin-resistant staphylococcus aureus (MRSA) was mentioned as the prominent bacteria by the majority (74.3% of the physician, 59.3% of the nurses, and 63.6% of the pharmacists). MDR-TB was considered resistant by 22.9% of the physicians, 37.2% of the nurses, and 36.4% of the pharmacist. Pseudomonas aeruginosa was also considered by 2.9% of the physicians and 1.2% of the nurses. The practitioners consider self-prescription by the patients as the major factor for the development of AMR (80% of the physicians, 55.8% of the nurses, and 72.7% of the pharmacists) ([Table 2](#T0002){ref-type="table"}).

Beliefs on Potential Intervention to Combat AMR {#S0003-S2003}
-----------------------------------------------

The majority of the professionals consider antimicrobial usage policy as very useful in combating AMR (80% of the physicians, 79.1% of the nurses, and 81.8% of the pharmacists). Only 1 nurse considers it as non-useful. More than half of the nurses (55.8%) and pharmacists (63.6%) consider the reduction of antibiotics at the outpatient setting as very useful whereas 40% of the physicians consider it only useful in combating AMR. Establishing national AMR surveillance was considered as a very useful step by 80% of the physician, by 79% of the nurses and by 81.8% of the pharmacist whereas establishing hospital infection control committee was considered as a very useful step by 77.1% of the physician, by 79.1% of the nurses and by 81.8% of the pharmacist. Developing institutional guidelines for antimicrobial use was considered very useful for 80% of the physician, 75.6% of the nurses, and 81.8% of the pharmacist. Education on antimicrobial therapy for prescribers was considered very useful by 74.3% of the physician, 79.1% of the nurses, and 81.8% of the pharmacist. On the other hand, establishing microbiology diagnostic services was considered very useful by 80% of the physician, by 67.4% of the nurses, and by 72.7% of the pharmacist ([Table 3](#T0003){ref-type="table"}).Table 3Belief of Health Care Professionals' Working in HFSUH on Potential Intervention to Combat AMRVariablesVery Useful (%)Useful (%)Not Useful (%)Not Sure (%)Antimicrobial usage policyPhysicians28(80)7(20)00Nurses68(79.1)17(19.8)01(1.2)Pharmacist9(81.8)2(18.2)0Total105 (79.54)24 (18.2)2 (1.5)1 (0.76)Reduction of antibiotic use for the outpatient settingPhysicians13(37.1)14(40)8(22.9)0Nurses48(55.8)26(30.2)10(11.6)2(2.3)Pharmacist7(63.6)3(27.3)1(9.1)0Total68 (51.5)43 (32.6)19 (14.4)2 (1.5)Establish national AMR surveillancePhysicians28(80)7(20)00Nurses68(79.1)16(18.6)02(2.3)Pharmacist9(81.8)1(9.1)1(9.1)0Total105 (79.54)24 (18.2)1(0.76)2 (1.5)Establish a hospital infection control committeePhysicians27(77.1)7(20)1(2.9)0Nurses68(79.1)16(18.6)1(1.2)1(1.2)Pharmacist9(81.8)1(9.1)1(9.1)0Total104 (78.8)24 (18.2)3 (2.3)1 (0.76)Develop an institutional guideline for antimicrobial usePhysicians28(80)7(20)00Nurses65(75.6)18(20.9)03(3.5)Pharmacist9(81.8)1(9.1)1(9.1)0Total102 (77.3)26 (19.7)4 (3)0Education on antimicrobial therapy for prescribersPhysicians26(74.3)9(25.7)00Nurses68(79.1)16(18.6)2(2.3)0Pharmacist9(81.8)1(9.1)01(9.1)Total103 (78.03)26 (19.7)2 (1.51)1 (0.76)Establish microbiology diagnostic servicesPhysicians28(80)7(20)00Nurses58(67.4)23(26.7)2(2.3)3(3.5)Pharmacist8(72.7)2(18.2)01(9.1)Total94 (71.2)32 (24.2)2 (1.5)4 (3)[^3]

The Scope of AMR {#S0003-S2004}
----------------

The majority of the health practitioners strongly agree or agree that AMR is a worldwide problem (100% of the physician and pharmacists and 90.7% of the nurses). The majority of them also strongly agree or agree that AMR is a problem in Ethiopia, with 54.3% of the physicians, 61.6% of the nurses, and 63.6% of the pharmacist strongly agreeing to this fact. Whereas regarding AMR as a problem in the hospital, most of them (88.6% of the physicians, 100% of the pharmacists, and 86.1% of the nurses) strongly agree or agree with this fact ([Table 4](#T0004){ref-type="table"}).Table 4Percentage of Health Care Professionals' Working in HFSUH Rating the Scope of AMRVariablesStrongly Agree (%)Agree (%)Disagree (%)Strongly Disagree (%)Do Not Know (%)AMR is a worldwide problemPhysicians19(54.3)16(45.7)000Nurses45(52.3)33(38.4)3(3.5)1(1.2)4(4.7)Pharmacist9(81.8)2(18.2)000Total73 (55.3)51 (38.6)3 (2.3)1 (0.76)4 (3.03)AMR is a problem EthiopiaPhysicians19(54.3)16(45.7)000Nurses53(61.6)28(32.6)2(2.3)2(2.3)1(1.2)Pharmacist7(63.6)4(36.4)000Total79 (59.8)48 (36.4)2 (1.52)2 (1.52)1 (0.76)AMR is a problem in your hospitalPhysicians16(45.7)15(42.9)2(5.7)02(5.7)Nurses36(41.9)38(44.2)7(8.1)1(1.2)4(4.7)Pharmacist2(18.2)8(72.7)001 (9.1)Total54 (40.9)61 (46.2)9 (6.82)1 (0.76)7 (5.3)[^4]

[Table 5](#T0005){ref-type="table"} shows the belief of health care professionals on the cause of inappropriate prescriptions. The majority of the respondents consider the patient influence on the prescriber and failure of previous treatment as the major cause of unnecessary antimicrobial prescription. 40% of the physicians and 63.6% of the pharmacists consider the patient influence on the prescriber as the cause whereas the 48.8% nurses consider a failure of previous treatment as the major cause of unnecessary antimicrobial prescription. Most of them also consider that unnecessary antibiotic is prescribed for upper respiratory tracts infections (57.1% of the physician, 43% of the nurses and 81.8% of the pharmacist, p=0.043) and unknown febrile illness (37.1% of the physicians and 38.4% of the nurses) ([Table 5](#T0005){ref-type="table"}).Table 5Belief of Health Care Professionals' Working in HFSUH on Causes of Unnecessary Antibiotic PrescriptionsVariablesPhysicians (%)Nurses (%)Pharmacist (%)P-valueWhich factor do you consider is the cause of unnecessary antimicrobial prescriptionPatient influence on the prescriber14(40)28(32.6)7(63.6)0.122Failure of previous treatment11(31.4)42(48.8)4(36.4)0.192Critically ill or immune-compromised patient4(11.4)7(8.1)0Profit of hospital4(11.4)4(4.7)0Other2(5.7)5(5.8)0For which infections do you think unnecessary antibiotics would be prescribed?Upper respiratory tracts20(57.1)37(43)9(81.8)0.043Unknown febrile illness13(37.1)33(38.4)2(18.2)0.421Urinary tract infections1(2.9)6(7)0Diarrhoea1(2.9)5(5.8)0Other05(5.8)0[^5]

Discussion {#S0004}
==========

This study assesses the knowledge and belief regarding AMR and the antimicrobial usage of health care professionals (physicians, nurses, and pharmacists) working in HFSUH. The three practitioners were selected because of there great involvement in the usage of antimicrobials. The physicians and nurses are involved in prescribing and administration whereas the pharmacists' role is the dispensing of antibiotics. In Ethiopia, because of resistant microorganisms, the number of antimicrobials being effective is becoming limited.[@CIT0006]

In this study, the majority of health practitioners consider MRSA as resistant bacteria. The knowledge about MRSA is higher than studies conducted in Jordan (31.6% of the physicians, 33.6% of the nurses' and 29.3% of the pharmacist)[@CIT0004] and in Amhara region (22.3% of physicians and 2.4% of nurses)[@CIT0020] but it is lesser than the study done in Ghanian Tertiary Hospital (98% of the physicians know about this bacteria).[@CIT0022] Pseudomonas aeruginosa as resistant bacteria was not considered by the majority of the health professionals in the current study. A similar result was observed in a study conducted in Khartoum (7.9% of the physicians).[@CIT0023] This result is lower than the result of the study conducted in Jordan (25.8% of the physicians and 28.2% of the pharmacists)[@CIT0004] Less than half of the health professionals considered MDR-TB as resistant bacteria and responded that they had training on AMR. So, the low level of training about AMR and the causative agents could also be one reason why most of the practitioners have a low understanding of the resistant bacteria other than MRSA.

Not being exposed to use the AST result could also be responsible for such a gap in knowledge regarding resistant bacteria. The majority of the health professionals were not exposed to use the AST result. In the absence of an AST, health care professionals resort to empiric treatment based on the symptom of the individual using broad-spectrum antibiotics. This will increase the risk of AMR since these antibiotics can affect the normal flora beside the infectious agent, weakening the defense of the host.[@CIT0014]

One of the driving factors that was considered by the health care providers as driving force in AMR occurrence was widespread or overuse of antibiotics. This finding is higher than a study done in Khartoum (54.5% of the physicians).[@CIT0023] In the current study, the majority also consider poor infection control as a factor for the spread of AMR, which was also higher than the result obtained in Jordan (79.6%, 65.1%, and 64.3% of the physicians, pharmacists, and nurses, respectively).[@CIT0004] 100% of the physicians, 86% of nurses, and 90.9% of pharmacists say that substandard qualities of antibiotics promote AMR. A lower result was obtained in a study done in Ghanian hospital (37.73% of the physicians).[@CIT0022] Another factor that was considered was patients' poor adherence to prescribed antibiotics, which was considered as a factor by more than 90% of the health professionals in the current study. A slightly lower result was observed in a study done in India (89.65% of the physicians).[@CIT0024], 100% of the physicians and the pharmacists and 81.4% of the nurses considered bacterial mutations as the cause of AMR (p=0.008). This result was slightly higher than the study conducted in west Indies (84% of the physicians)[@CIT0025] This shows that the practitioners in the current study have a good knowledge regarding the cause of AMR when compared to other studies but with a slightly lower result (only 64.4% of the practitioners) was observed regarding usage of broad-spectrum antibiotics as a cause of AMR.

As a potential intervention to combat AMR, 95.4% consider establishing microbiology diagnostic services as very useful and/or useful which is higher than the study conducted in Addis Ababa (70.8% of the practitioners).[@CIT0008] In the current study, 100% of the physicians consider developing an institutional guideline for antimicrobial use as very useful or useful which is higher than a study done in Khartoum state hospital setting (75.4% of the physicians)[@CIT0023] and in a study done in West Indies (99% of the physicians).[@CIT0025] However, a lower amount of the physician (77.1%) considers the reduction of antibiotic use for outpatient settings as a means to combat AMR in the current study, which is almost similar to a study done in West Indies (81% of the physician).[@CIT0025] These results might be because practitioners have up-to-date information about AMR they obtain either from books or from the internet or university teaching they got.

Most of the respondents consider the patient influence on the prescriber and failure of previous treatment as the major cause of unnecessary antimicrobial prescription. Less than 10% of the health practitioners, on the other hand, consider critically or immuno-compromised patient and profit of the hospital as the cause for the unnecessary prescription. This result is lower than the study done in Amhara region, where 61% of the physicians and 53% of the nurses consider the patient influence on the prescriber, 90.2%, and 69.5% consider the failure of previous treatment, 52.3% of the physicians and 67.1% of the nurses consider critically or immuno-compromised patient and 35.6% of the physicians and 41% of the nurses consider profit of the hospital as the cause of unnecessary antimicrobial prescription.[@CIT0020] Such discrepancy might be because of the difference in the study area and also the number of hospitals utilized in the two studies and also because the study conducted in the Amhara region also involved private sectors, where unnecessary prescription use is commonly observed.

Regarding the awareness of the respondents on the scope of the AMR problem, most of the health care practitioners considered AMR as a problem across all three levels. A slightly lower result was observed with physicians regarding AMR as a worldwide problem in another study done in Khartoum (85.2% of the physicians),[@CIT0023] and in the Amhara region (82% of the physicians and 60% of the nurse).[@CIT0020] A slightly lower result (88.1% of the physicians and 89.9% of the nurses) however was also observed in the Amhara region regarding AMR as a problem in Ethiopia.[@CIT0020] This increased awareness of the health practitioners in the present study might be because the majority of them have up to date information which enables them to know the great extent of AMR problem worldwide or in Ethiopia. 88.6% of the physicians strongly agree or agree with AMR as a problem of the hospital they are working with. This is higher than the study done in Ghanaian tertiary care hospital (59.7% of the physicians).[@CIT0022] This could be due to malpractices or unnecessary antibiotic prescriptions they may observe during their work since the majority of them consider the influence of patients on prescribers and failure of treatment as a cause of unnecessary antibiotic prescription.

Conclusion {#S0005}
==========

The pharmacists, physicians, and nurses working in HFSUH have information about MRSA, about perceived factors contributing to AMR development, potential intervention to combat AMR, cause of unnecessary antibiotic prescription, and scope of AMR. However, the information they have about the different resistant bacteria, on the different factors that cause unnecessary antibiotic prescription and on how to use AST is low and most of them have not taken training on AMR. The information gap present with the professional can be enhanced by training the professionals more about AMR. AST should be done before the use of antibiotics and the health care professionals should select the antibiotics based on these tests and minimize the risk of AMR.
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